ABSTRACT. Since the effect of some nonlinear terms is lost during the first order averaging procedure, the higher order stochastic averaging method is developed to predict approximately the response of linear and lightly nonlinear systems subject to weakly external excitation of second order coloured noise random processes. Application to Dufling oscillator is considered.
Introduction
For many years the well-known averaging method, originally given by Krylov and Bogoliubov and then developed by Mitropolskii (Bogoliubov and Mitropolskii, 1961 ) has proved to be a very powerful approximate tool for investigating deterministic weakly nonlinear vibration problems. In the field of random vibration the averaging method was extended by Stratonovich (1963) ·and has a mathematically rigorous proof by Khasminskii (1963) . At.present, the stochastic averaging method (SAM) is widely used in different problems of stochastic mechanics such as vibration, ~tability and reliability problems (see e.g. Ariaratnam & Tam,1979 ; Bolotin·, 1.984; Ibrahim, 1985; Lin & Cai, 1995; Roberts & Spanos, 1986; Zhu, 1988) .
It should be noted that principally only first order SAM ha.S been applied in practice and usually to systems subject to white noise or wideband random processes. It is well-known, however, the effect of some non-linear terms is lost during the first order averaging procedure. In order to over come this insufficiency, different averaging procedures for obtaining approximate solutions have been developed (see e.g. Mitropolskii et al, 1992; Red-Horse & Spanos, 1992; Sri Namachchivaya & Lin, 1988; Zhu & Lin, 1994; Zhu et al, 1997) . Recently, a higher order averaging procedure using Fokker-Planck (FP) equation was developed in (Anh, 1993 (Anh, , 1995 and then applied to Van der Pol oscillator under white noise excitation (Anh & Tinh, 1995 ) . In the present paper this procedure is further developed to linear and lightly nonlinear systems subject to weakly external excitation of second order narrow-ba.nd coloured noise random processes.
Narrow-band coloured noise random processes
We consider a stationary coloured noise random process e{t) which is the result of the passage of a white noise through the linear forming filter L of order 2n: 
Narrow-band coloured noise
Let the filter L can be expressed in the form The bandwidth of the process p(t) is controlled by the value of the parameter a.
For the present analysis the coloured noise p{t) is considered to be a wideband random process if a~ e,. If a,..., e, i.e.
p(t)
is a narrow-band process and the filter {2.5) has the form {2.4), where
3. Excitation of second order narrow-band coloured noise
Consider a lightly damping system subject to external narrow-band second order coloured noise excitation
where w 0 is a positive constant, e > 0 is a small parameter, p(t) is determined from (2.5) and (2.8), ft and / 2 are functions of (x,x). In this case one gets m = 1.
Eliminating p(t) from (3.1), using (2.4), one gets
where it is denoted (3 The second term W 1 (a, cp) in (3.11) is determined from (3.14), using Fourier
F2(a, rp) B28(a,rp)=-
where 2' 11' 2' 11'
Substituting {3.21) into {3.14) yields The arbitrary integration function W10(a) must be chosen from the condition for the function W 2 (a, cp) to be periodic~ Analogously, one can find third term W2(a, cp) in (3.11).
Application
In order to illustrate the procedure proposed one considers the Duffing system whose equation of motion takes the form: The second term W 1 (a, rp) in (3.11) is determined from (3.14), using Fourier 
In order to illustrate the procedure proposed one considers the Duffing system whose equation of motion takes the form: Using (2.10), (3, 4) (4.10)
In the case 1 = 0 (linear system) one gets: (4.11) It is seen from (4.10) and (4.11) that in the case of Duffing system the mean square E[x 2 ] reduces in comparison with the linear case.
Conclusion
For many years the stochastic averaging method has been a very useful tool for investigating non-linear .random vibration systems. However, the effect of some non-linear terms cannot be investigated by using the classical first order SAM. In this paper, the higher order stochastic averaging method is developed to predict approximately the response of linear and lightly nonlinear systems subject to weakly external excitation of second order narrow-band coloured noise random processes.
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